Abstract: Five-coordinate rhenium(I) hydride complexes of the type [Re(Br)(H)(NO)(PR3)2] (R = Cy 1a, iPr 1b) were reacted with terminal alkynes R1CCH (R1 = Ph, SiEt3, H), yielding 18-electron 2-alkyne adducts [Re(Br)(H)(NO)(PR3)2(2-HCCR1)] (R1 = Ph (R = Cy 2a, iPr 2b), SiEt3 (R = Cy 4a, iPr 4b), H (R = Cy 6a, iPr 6b)). Alkyne insertion into the Re−H bond led to the formation of rhenium(I) 1-vinyl derivatives [Re(Br)((E)-CHCHR1)(NO)(PR3)2] (R1 = Ph (R = Cy 3a, iPr 3b), SiEt3 (R = Cy 5a, iPr 5b), H (R = Cy 7a, iPr 7b)) in good yields. The rate of formation of the vinyl complexes depends on R1 in the order SiEt3 > Ph > H, and the reactions of 1b bearing the PiPr3 ligand are generally faster than those of 1a with PCy3. 1a,b were also reacted with 2-methyl-1-buten-3-yne and 1,7-octadiyne, affording dienyl derivatives [Re(Br)(E)-CHCHC(CH3)CH2(NO)(PR3)2] (R = Cy 8a, iPr 8b) and the binuclear -bis-alkenyl compounds [(PR3)2(NO)(Br)Re(E)-CHCH-(CH2)4-CHCH-(E)Re(Br)(NO)(PR3)2] (R = Cy 9a, iPr 9b). The reactions of 3a,b or 5a,b with HBF4·OEt2 afforded the rhenium(I) carbene derivatives [Re(F)(Br)(CHCH2Ph)(NO)(PR3)2] (R = Cy 10a, iPr 10b) or [Re(F)(Br)(CHCHC(CH3)2)(NO)(PR3)2] (R = Cy 11a, iPr 11b) via protonation at the -andcarbon of the vinyl group, respectively. The fluorine ligands are located cis to the carbene ligand and the bromo atom cis to the nitrosyl group. The binuclear species 9a,b were also reacted with HBF4·OEt2 to afford the binuclear carbene derivatives [(PR3)2(NO)(Br)(F)ReCH-(CH2)6-CHRe(F)(Br)(NO)(PR3)2] (R = Cy 12a, iPr 12b). The molecular structures of 3a, 5a, and 11a were established by X-ray diffraction studies. , iPr 6b) ). Alkyne insertion into the Re-H bond led to the formation of rhenium(I)
Introduction
Transition metal hydrides undergo a wide variety of reactions, which are of synthetic and catalytic significance. 1, 2 In this regard the d 6 square-pyramidal hydride complexes [M(X)(H)(CO)(PR 3 ) 2 ] (M=Ru, Os, X=halide) 3 are appropriate examples, since they display rich organometallic chemistry 4 and are versatile catalysts. 5 One of their typical reaction modes is the insertion of terminal alkynes into their M-H bonds, producing vinyl derivatives. 6 Mechanistic studies indicated the formation of six-coordinate η 2 -alkyne adducts as initial intermediates, which however were unstable and could be observed only in special cases via in situ low-temperature NMR.
7 Furthermore, the β-carbon of the vinyl group displays marked nucleophilic character due to a significant contribution of the zwitterionic resonance form of transition metal vinyl moieties. As a result, carbene derivatives were expected to be accessible via protonation or a trapping with other electrophiles at the β-carbon atom. 8,4b,4c In recent years our group focused on the exploration of a hydride chemistry of the middle transition metal centers, 9 in particular with respect to the development of polar homogeneous catalyses involving H-H, H-Si, and H-B activations. 10 In the realm of complexes with rhenium centers a special type of five-coordinate, 16-electron rhenium(I) hydride species [Re(Br)(H)(NO)(PR 3 ) 2 ] (R=Cy 1a, iPr 1b) was discovered accessible from rhenium(I) dihydrogen complexes. 11 Such mononitrosyl Re(I) hydride complexes of type 1 are isoelectronic to the mentioned monocarbonyl Ru(II) or Os(II) hydrides and resemble these structurally to a great extent. The chemistry of these rhenium hydrides comprised reactions that allowed access to a variety of mono-, di-, and tetrahydride species. 12 In extension of this work, we report here their transformations with terminal alkynes apparently occurring in a stepwise manner to form rhenium(I) vinyl compounds, which may then be reacted further with proton sources to yield carbene derivatives. H} NMR spectra of 2a displayed signals with AB patterns at δ 13.9 and 11.4 ppm ( 2 J (PP) = 122 Hz), indicating chemically inequivalent trans phosphorus ligands. This observation contrasts the appearance of only one singlet signal at 20.8 ppm for 2b, suggesting equivalent trans phosphorus positions and free rotation of the acetylene ligand around the Re(acetylene) bond in the less sterically hindering PiPr 3 environment. In the 1 H NMR spectra of both complexes the hydride signals were observed as triplets at δ 5.32 ppm (2a) and 4.90 ppm (2b), which were strongly shifted low-field in comparison with the related signals of 1a (-17.6 ppm) or 1b (-16.7 ppm). This pronounced effect was rationalized on the basis of strong delectron back-donation from the rhenium center to the π* orbital of the η 2 -alkyne, which apparently caused a substantial decrease of the electron density at the trans hydride site. Thus the coordinated alkyne acts as a strong π acceptor, most probably oriented parallel to the P-Re-P axis, in compliance with the previously reported structures of the η H} NMR spectra displayed a singlet at δ 14.2 (3a) or 29.8 ppm (3b) in accord with the trans disposition of the phosphine ligands. In the 1 H NMR spectra, the ReCHdCH-vinyl protons were observed as doublets at δ 9. 47, 5.50 ppm (3a, 3 J (HH) =13.0 Hz) and 9. 21, 5.46 ppm (3b, 3 J (HH) = 13.0 Hz), respectively. The magnitude of the J (HH) coupling constants suggests an E-stereochemistry of theCHdCH-double bond. 13 The presence of vinyl ligands was supported further by the 13 C{ 1 H} NMR spectra, which displayed resonances of the C R (sp 2 ) and C β (sp 2 ) carbon atoms at δ 151.3, 123.4 (3a) and 151.1, 123.5 ppm (3b). These data are comparable to those of the structurally analogous osmium or ruthenium vinyl compounds. 6 Similarly, treatment of 1a or 1b with other terminal alkynes, such as (triethylsilyl)acetylene, led to initial formation of the acetylene adduct [Re(Br)(H)(NO)(PR 3 ) 2 (η 2 -HCtCSiEt 3 )] (R=Cy 4a, iPr 4b). In the 31 P NMR spectra characteristic AB patterns were found at 16.1 and 13.7 ppm for 4a ( 2 J (PP) =112 Hz) and at 26.3 and 18.5 ppm ( 2 J (PP) =121 Hz) for 4b, suggesting a preferred orientation of the acetylene ligand in the P-Re-P axis, hindered rotation around the Re-acetylene bond, and a considerable binding strength of (R=Cy 5a, iPr 5b) in spectroscopic yields higher than 10%. After standing at room temperature for 10 h, full conversions were achieved in both cases. Isolation of 5a and 5b was accomplished in 62% and 59% yield, respectively. The increased reactivity in comparison with the phenylacetylene derivatives indicated facilitated hydride transfers from the rhenium center to the C β atom of the terminal alkyne. This contrasts with the case of the related osmium hydride, where (trimethylsilyl)acetylene reacts slower than phenylacetylene, rationalized on the basis of the stronger electron-withdrawing ability of the Me 3 Si group and increasing electrophilicity at C β .
Results and Discussion
7a The opposite effect was seen with the rhenium hydride complexes, explained here on the basis of predominant steric influences of the bulkier Et 3 Si group, which causes thermodynamic preference for the vinyl complex with less steric congestion. The IR spectra of 5a or 5b showed strong ν(NO) absorption at 1648 (5a) and 1642 cm -1 (5b ) and C β (sp 2 ) carbon atoms are seen as singlets at δ 169.5, 125.8 (5a) and 170.2, 126.9 ppm (5b).
The molecular structures of 3a and 5a were established by single-crystal X-ray diffraction studies, as depicted in Figures 1 14 and 2. 15 Both complexes adopt a square-pyramidal geometry around the rhenium centers with the vinyl ligand occupying apical positions. The two phosphine ligands are bent toward the vacant site with P(1)-Re(1)-P(2) angles of 168.82 (5) o for 3a and 165.53(2) o for 5a. Such a bending may originate from steric repulsion between the PCy 3 and the vinyl group but may also be driven by the C-H agostic interaction of the of PCy 3 ligand with the vacant site of the rhenium center. The NO group and the bromide are bending over to the vacant site with a N(1)-Re(1)-Br(1) angle of 161.53(14) o for 3a and 164.56(8) o for 5a. From the X-ray structure it became particularly evident that the phenyl group (or the triethylsilyl group) and the Re center are in E-positions, indicating a syn insertion pathway of the alkyne into Re-H bond. The C(1)-C(2) distances are in the typical range of CdC double bonds of 1.372(7) Å in 3a and 1.337(4) Å Article Organometallics, Vol. 28, No. 16, 2009 4673 in 5a. 16 The C(1)-C(2) distance of 3a is longer than that of 5a, which may originate from π conjugation with the neighboring almost in-plane phenyl group.
Previously we reported the preparation of acetylene-coordinated rhenium(I) hydride complexes [Re(Br)(H)(NO)-(PR 3 ) 2 (η 2 -HCtCH)] (R=Cy 6a, iPr 6b), which in comparison with the above terminal η 2 -alkyne adducts are rather stable at room temperature even for a longer period of time (7 days). However, at higher temperatures (75°C) they slowly convert into the acetylene-inserted complexes [Re(Br)((Z)-CHdCH 2 )(NO)(PR 3 ) 2 ] (R = Cy 7a, iPr 7b). The reaction of 6a is rather sluggish, with a reaction time of 63 h to achieve 56% conversion along with two other unidentified organometallic species formed. 7a could only be characterized in situ in solution, since attempts to isolate pure 7a failed. In contrast, the reaction of 6b is much faster, with a conversion rate of 92% at 75°C within 15 h. The appearance of a deep blue color was accompanied by the appearance of a small amount of liberated PiPr 3 . Comparing the reactions of phenyl and triethylsilyl acetylene, the slower conversion of the η 2 -acetylene adducts 6a,b to form the vinyl compounds 7a,b might provide additional evidence for steric influence on the alkyne insertion into the Re-H bond.
The IR spectra of 7b displayed a strong ν(NO) absorption at 1664 cm -1 . The ν(NO) absorption of 7a could not be extracted from the reaction mixture. The 31 P{ 1 H} NMR spectra showed singlets at δ 11.8 (7a) and 22.6 ppm (7b). In the 1 H NMR spectra the vinyl protons gave rise to signals at δ 8.60 (dd), 5.47 (d), 4.30 (d) ppm for 7a and 8.30 (t), 5.46 (br), 4.27 (br) ppm for 7b. In the 13 C{ 1 H} NMR spectra two resonances at δ 151.7, 115.5 ppm were assigned to the C R (sp 2 ) and C β (sp 2 ) atoms of 7a, and at 151.0, 116.3 ppm for 7b. 7b also gave a satisfactory elemental analysis.
In the presence of enynes, such as 2-methyl-1-buten-3-yne, selective coordination and subsequent reaction occurs for the CtC triple bond (Scheme 2). The formed acetylenecoordinated complexes are thermodynamically unstable in solution and are gradually converted into their dienyl isomers [Re(Br){CHdCHC(CH 3 )dCH 2 }(NO)(PR 3 ) 2 ] (R=Cy 8a, iPr 8b). 8a and 8b were isolated from the reaction mixture at 50-75°C as deep green powders in 86% and 78% yield, respectively. The IR spectra of 8a and 8b displayed strong ν(NO) absorptions at 1646 (8a) and 1659 cm -1 (8b). In the 31 P{ 1 H} NMR spectra singlets were observed at 13.33 ppm (8a) J (HRHβ) = 13 Hz), 4.38 (s), 4.13 (s) for 8b, which were assigned to the ReCHd, dCH-, and dCH 2 moieties, respectively. The proton-proton coupling constant of 13 Hz strongly supported the E-stereochemistry at the vinylic Re-CHdCH-double bond.
13
The five-coordinate hydride complex 1a or 1b also reacted with diynes in a similar manner to that with enynes (Scheme 3). Treatment of 1a or 1b with 0.5 equiv of 1,7-octadiyne afforded in an instantaneous reaction at room temperature the alkynecoordinated binuclear rhenium hydride complexes, with strong evidence from the 31 P NMR spectra showing signals with unique AB patterns. The solutions were kept at 75°C for 30 min, giving a deep green color. NMR spectroscopy indicated formation of the binuclear μ-bis-alkenyl derivatives [(PR 3 ) 2 (NO)(Br)Re{(E)-CHdCH-(CH 2 ) 4 -CHdCH-(E)}Re-(Br)(NO)(PR 3 ) 2 ] (R=Cy 9a, iPr 9b), which were isolated in 85% or 74% yield, respectively. The IR spectra showed strong ν(NO) absorptions at 1642 cm -1 for 9a and 1638 cm -1 for 9b. We suppose the existence of transoid and cisoid conformational isomers with the rhenium centers either on the same or on opposite sides of the -C 4 H 8 -chain and a slow exchange rate between them. In the 1 H NMR spectra a doublet at δ 7.64 ppm with a J (HH) coupling constant of 13 Hz and a multiplet at 4.26 ppm were attributed to the vinyl protons of 9a. Similarly, a doublet at δ 7.41 ppm ( 3 J (HRHβ) =13 Hz) and a multiplet at δ 4.25 ppm were assigned to the E vinylic protons of 9b. In the with the deuterium label at C β of the vinyl group. No evidence was provided for deuterium incorporation at the C R atom. This result would indeed be consistent with a syn insertion stereochemistry of the alkyne. Addition of excess PCy 3 (10 equiv) at 75°C did not influence the course of the η 2 -alkyne (2a) to vinyl (3a) conversion. These results support the idea that the insertion proceeds with rearrangement of the coordination sphere from a geometry with the hydride trans to the acetylene ligand to one with the hydride cis to it, as depicted in Scheme 4. A similar mechanism was previously reported for the related ruthenium or osmium system [M(X)-(H)(CO)(L) 2 ] (M = Ru and Os, L = PR 3 ). The alkyne coordinated cis to the hydride was calculated by DFT to be only 5 kcal mol -1 higher in energy than the trans η 2 -alkyne.
7a Furthermore, it is important to note that the conversion rates of the rhenium η 2 -alkyne adducts to form the vinyl derivatives depends also on the type of phosphine ligand. The reaction rate of the PiPr 3 derivative 1b is generally higher than that of the PCy 3 compound 1a. Any of the elementary steps of the proposed mechanism are iPr 10b) , with the fluorine atom cis to the carbene ligand and the bromide cis to the NO ligand, established by various spectroscopic methods (Scheme 5). In the IR spectra of 10a and 10b strong ν(NO) absorptions at 1682 and 1673 cm -1 were found, appearing at significantly higher wavenumbers than the corresponding absorptions of the vinyl complexes.
1 H NMR multiplets at quite low field (δ 14.80 (10a) and 14.74 ppm (10b)) provide clear evidence for the presence of R-CH protons of carbene ligands. A multiplet resonance at δ 4.77 ppm for 10a and a doublet at δ 4.54 (d, 3 J (HH) = 8 Hz) ppm for 10b were assigned to the methylene substituents of the carbene group. In the 13 C{ 1 H} NMR spectra a quartet at δ 298.2 ppm and a multiplet at 298.2 ppm were assigned to the C carbene atom of 10a and 10b, respectively. The quartet coupling pattern of the C carbene of 10a arises from the coupling with the phosphorus and fluorine atoms with similar coupling constants (11.5 Hz), while for 10b these coupling constants are apparently different, causing the multiplet structure. For both complexes we therefore assume that the F atom and the two phosphine ligands are located cis to the carbene ligand, which was further substantiated by a 19 F, 1 H-HOESY experiment for 10a, where dipolar F 3 3 3 H coupling (NOE) was detected, indicating spatial vicinity and the cis position of the F and the carbene ligands (Figure 3) . The evolution of this geometry cannot be understood without rearrangement of the original vinyl coordination sphere, which stresses the geometrically flexible nature of such rhenium nitrosyl systems. One driving force for such a geometrical change could be the trans "push-pull" arrangement of the π donor fluoride and the π acceptor nitrosyl (Scheme 5). In the 31 P{ 1 H} NMR spectra fluorine-coupled doublets at δ 11.2 ppm (10a) and 24.2 ppm (10b) were observed. The magnitude of the J (PF) coupling constant (39 Hz) supported this further and excluded the presence of a Re-FBF 3 unit. 10a,18 In fact, BF 3 3 OEt 2 was detected as a byproduct originating from F-B cleavage, showing a singlet at δ -149 ppm in the 19 F{ 1 H} NMR spectra of the reaction solution.
In comparison to 3a and 3b, in which a large portion of the electron density resides on the β-carbon atom, the electron density of the butadienyl ligand of 8a and 8b can delocalize further onto the δ-carbon atom. Treatment of 8a or 8b with 1 equiv of HBF 4 3 OEt 2 at room temperature afforded in benzene solution the vinylcarbene complex [Re(Br)-(F)(dCHCHdC(CH 3 ) 2 )(NO)(PR 3 ) 2 ] (R=Cy 11a, iPr 11b) in 74% (11a) or 36% (11b) isolated yield, which established that protonation occurred at the δ-position of the butadienyl ligand (Scheme 6). The IR spectra showed a strong ν(NO) absorption at 1672 cm -1 (11a) and 1674 cm -1 (11b). The most prominent 1 H NMR feature of 11a and 11b concerns the multiplet structure of the resonance at δ 14.27 (11a) and the doublet of triplet structure of the resonance at δ 14.48 ppm ( 3 J (HH) =13.8 Hz, 3 J (HP) =2.4 Hz) (11b), both of which were assigned to the RedCH-protons. Doublet signals at δ 7.73 ( 3 J (HH) =13 Hz, 11a) and 7.98 ( 3 J (HH) =13.8 Hz, 11b) were assigned to the RedCH-CHdCH-R-vinylene proton. As the most prominent feature in the 13 C{ 1 H} NMR spectra the C carbene atoms are attributed broad singlets at The molecular structure of 11a was eventually fully established by a single-crystal X-ray diffraction study, as depicted in Figure 4 without the solvate molecule. 17 The rhenium atom can be ascribed a slightly distorted octahedron. The most noticeable feature is the fluorine atom F(1) disposed cis to the Re Treatment of the binuclear μ-bis-vinyl complexes [(PR 3 ) 2 (NO)(Br)Re{(E)-CHdCH-(CH 2 ) 4 -CHdCH-(E)}-Re(Br)(NO)(PR 3 ) 2 ] (R = Cy 9a, iPr 9b) with 2 equiv of HBF 4 3 OEt 2 in benzene solution at room temperature afforded the binuclear carbene derivatives [(R 3 P) 2 (NO)-(Br)(F)Re{dCH-(CH 2 ) 6 -CHd}Re(F)(Br)(NO)(PR 3 ) 2 ] (R= Cy 12a, iPr 12b), which were isolated in 55% (12a) and 82% (12b) yield (Scheme 7). The IR spectra showed strong ν(NO) absorptions at 1679 for 12a and at 1674 cm -1 for 12b, respectively, witnessing the presence of NO ligands. The 31 P{ 1 H} NMR spectra displayed a doublet at δ 13.1 ppm ( 2 J=39 Hz) for 12a and a signal with an AB pattern at 24.6 ( 2 J=39 Hz), 19.1 ( 2 J=39 Hz) ppm for 12b, indicating that the two PiPr 3 ligands are in different chemical environments. We assume that similar to the acetylene complexes the carbene ligand of 12b possesses hindered rotation around the RedC carbene bond with a preferred orientation of the carbene plane perpendicular to the P-Re-P axis. This is supposed to lead to the two rotational isomers A and B of 12b given in Scheme 7. In the 13 C{ 1 H} NMR spectra the rhenium-bound C carbene atoms gave rise to broad signals at 301.3 ppm for 12a and at 301.1 ppm for 12b. In the 1 H NMR spectra the carbene ligands were assigned broad singlets at δ 14.76 (12a) and 14.58 (12b) ppm.
Finally, one interesting issue was pursued concerning the rhenium(I) vinyl derivatives: whether they could be recycled to the five-coordinated rhenium(I) hydrides 1. In mechanistic studies on the osmium(II) hydride [Os(Cl)(H)-(CO)(PiPr 3 ) 2 ]-catalyzed hydrosilylation of phenylacetylene, it became apparent that the osmium vinyl compound [Os(Cl)((Z)-CHdCHPh)(CO)(PiPr 3 ) 2 ] was inert toward further reaction with Et 3 SiH. 5b In contrast to this, we found that the rhenium(I) vinyl compound 3a did react with Et 3 SiH to afford the five-coordinated rhenium(I) hydride 1a and the silyl-substituted olefins (Scheme 8). Treatment of the dark green benzene-d 6 solution of 3a with 1 equiv of Et 3 SiH at 75°C led within 15 h to the formation of the rhenium(I) hydride compound 1a in 40% spectroscopic yield (Scheme 8).
1 H NMR spectroscopy revealed that the (E)-PhCHdCH(SiEt 3 ) olefin was stereospecifically formed in the hydrosilylation process without any trace of the (Z)-PhCHdCH(SiEt 3 ) isomer. Despite this perfect selectivity, the catalytic activity of the rhenium(I) vinyl complex turned out to be poor, which prevented its application in catalytic hydrosilylations of alkynes with Et 3 SiH. Indeed catalytic turnover was not observed for the reaction of phenylacetylene with Et 3 SiH at 75°C after 3 h in the presence of 1a (2.0 mol %). Vol. 28, No. 16, 2009 4677 alkynes and the phosphine substituents. The rhenium(I) vinyl species could be converted into the six-coordinated 18-electron carbene derivatives [Re(F)(Br)(dCHCH 2 R 1 )-(NO)(PR 3 ) 2 ] applying HBF 4 3 OEt 2 , in which the fluoride ligand is located cis to the carbene ligand and the bromide ligand cis to the nitrosyl group. This work not only revealed the reactive nature of the rhenium(I) hydride system to undergo facile insertions but also established a close analogy between the respective rhenium(I) nitrosyl and an isoelectronic ruthenium(II) or osmium(II) carbonyl chemistry. The insertion of acetylenes into the Re-H bond, as well as the established reductive elimination of silyl olefins from the vinyl complexes with silanes, would be part of a catalytic hydrosilylation cycle. However, attempts to achieve catalytic hydrosilylation turnovers did not meet with much success.
Conclusion

Experimental Section
General Procedures. All manipulations were carried out under an atmosphere of dry nitrogen using standard Schlenk techniques or in a glovebox (M. Braun 150B-G-II) filled with dry nitrogen. Solvents were freshly distilled under N 2 by employing standard procedures and were degassed by freeze-thaw cycles prior to use. The deuterated solvent benzene-d 6 was dried with sodium/benzophenone and vacuum transferred for storage in Schlenk flasks fitted with Teflon valves. were prepared via previously reported procedures. 11, 12 Phenylacetylene, (triethylsilyl)acetylene, 2-methyl-1-buten-3-yne, 1,7-octadiyne, and HBF 4 3 OEt 2 were purchased from Fluka and used without further purification. [Re(Br)(D)(NO)(PCy 3 ) 2 ] was prepared from the reaction of [ReBr 2 (NO)(PCy 3 ) 2 (η 2 -H 2 )] with Et 3 SiD at 100°C within 15 h.
[Re(Br)(H)(NO)(PCy 3 ) 2 (η 2 -HCtCPh)] (2a). In a glovebox [Re(Br)(H)(NO)(PCy 3 ) 2 ] (17.2 mg, 0.02 mmol) and phenylacetylene (3 μL, 0.025 mmol) were dissolved in a 20 mL vial in 2 mL of hexane. Immediately the violet solution turned light brown and a light yellow precipitate was formed. After 10 min the solvent was removed in vacuo and the residue was washed with hexane (1Â1 mL) and dried again in vacuo, giving a light yellow powder. Yield: 18 mg, 95%. IR (ATR, cm Re (719.73): C, 43.39; H, 6.86; N, 1.95. Found: C, 43.17; H, 6.52; N, 1.73. [Re(Br)((Z)-CHdCHSiEt 3 )(NO)(PCy 3 ) 2 ] (5a). In a 3 mL Young-tap NMR tube [Re(Br)(H)(NO)(PCy 3 ) 2 ] (35 mg, 0.04 mmol) and (triethylsilyl)acetylene (9 μL, 0.05 mmol) were dissolved in 0.5 mL of benzene-d 6 . Immediately the violet solution turned light yellow at room temperature. After 2 h at room temperature the solution turned blue. The solution was kept at 75°C for 30 min or at room temperature for 10 h, giving a deep blue solution. The solvent was removed in vacuo. The residue was washed with cold pentane (4Â2 mL) and dried again in vacuo. Yield: 24 mg, 62%. IR (ATR, cm , 52.94; H, 8.38; N, 1.40. Found: C, 52.62; H, 8.43; N, 1.34. [ 
